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PENETRATION ENZYMES OF 8CHISTOSOME CERCARIAE

Annual Report | N00014-78-C-00563
January 1, 1980 — December 31, 1980

BACKGROUND

Free-swimming schistosome cercariac penetrate‘ the tegument of the vertebrate host.
‘Their infectivity, that is, their success in penetrating skin and subsequently maturing, it
related to various conditions to which they are subjected during (1) their development in
the snail, (2) their activity in the freé-swimming environment, and (3) their adjustment tc
their postpenetration milieu. During this phase of the life cycle, several steps occur about
which our knowledge is incomplete: cercariae emerge with variable infective poientialé;
penctrated skin is' altered; the parasite undergoes extensive developmental changes; and
immunological reactions are stimulated. It is probably during this time that the parasite
is both susceptible to immune attack and involved in the stimulation. of protective im-
munity. It follows that understanding the details and ramifications of the process Sy which
cercariae infect their hosts and the means of modifying this process are fundamental to
work aimed at protecting hosts against infection, which is the purpose of this contract.
Studies have been conducted on 4 aspects of this program.

1. Effect of Different Snail Exposure Levels on Parasite Development in Snails,

It is necessary to know what snail exposure levels best maintain development of the
parasite and provide the largest cercarial collections most efficiently.

METHODS

Previously, 8-10, 6-8, and 1 miracidium per snail have been compared in this regard.
"To complete this series, for 8 consecutive weeks 150 snails of the Nmri line measuring
the usual diameter (5 to 7 mm) were exposed individually each week under the same condi- -
tions either to 8-10 or to 5 miracidia each. From onset of patency to death of the snails,
cercariac were collected twice a week. Records were kept on a total of 2400 snails: por-
centage of exposed snails which became infected; duﬂration of patency; and snail deails
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RESULTS
Average daily cercariul production Is graphed in ‘Finure 1, The overall average for b-
miracidium snails was 2682; for 8-10-miracidium snails, 2323, Reducing the number of

miracidia to which oach snail was exposed from 8-10 to & did not reduce corcarial pro-

duction,
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Doath rates of tho snalls, both during propatoncy und putoncy of the snail infoctions,
woro slightly Jower In tho 6- than in the 8-10-miracidium snafls (‘Table 1),

Tablo 1s  Percontago of Propatent and Patent Deaths among fiabds Bxposed
to § or $.30 Hiracidia fach,

RHPLICATION PREPATHNT DEATI(S DEATHA/CEKCARIAL, COLLICTION PAY
™ Sl ™ 8104

) - - 8(0+10) 14(0.32)

2 ‘4 1 5(0-25) 19(4-38)

3 2 4 12(0.2%) 13(0-20)

¢ ' T 1(4-43) 11(0-31)

s ¢ 14 11(n-2¢) 31(0-33)

é 20 13 ' 2(0-¢) 4(0-10)

T, 20 10 9(0-32) 17(8-32)

’ 7 " 6(0-12) 4(0-8)

Overall 10 1) ] 12

‘The levols of snail exposure had no appreciable offoet on the percentage of exposad
snalls which bacame infectod and produced cerearias (Table 1f),

Table 11, Percentage of Snalls which Becamo Infected after Lxposure to
§ or 8-10 Hiracidia Lach,

REPLICATION A INPICTED BRASLS
0 8-10M
2 - -
2 7 "
’ " "
‘ ” ]
) » “
¢ “ 7% )
’ ) 9
] “ "
Overalt 70 7%
; DISCUSSION

Several facts emergod from this experiment: reducing the level of oxposire of snails
under theso conditons did not appreciably change any of tho parameters, although patent
and prepatent death rates were a little lower in the 5-miracidium snalls,
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Tho finding that coroatiul produoilon was not nffoctod by tho numbor of mirncidin
used hore for snail oxposuros Is In line with the observation In this laboratory that os o rule
" not moro than 2 primary sporocysts wore soon in a snnfl whother oxposod to 2 or to many
miracidia, It appears that thoro is & mochanism for limiting the numbor of miracidia which
dovolop concurrently into primary sporocysts in theso snails,

CONCILUSIONS

(1) Tho monns by which a limit is sot on the number of primary sporocysts which
dovalop concurrently in a snall lhouvld be oxplored, (2) The officiency of our corcarial
production would be improved by reducing the axposure level from 8:10 to b mireeldia
por snall, sinco a groat doal of timo and effort would bo saved, |

2, Epldamiological Differences in Intraspacitic Geograuhien! Strulns of
Schistogoma mansont,

Suggestions have been accumulating that goographical strains of 8. manson! mny differ
in terms of epidemiology, morphology and virulence, We have tested opidemiological vari-
ations In two strains of this parasite with referonce to corcarial production.

METHODS

The schistosome strain was maintained in the snail strain in which it was co!lcctccf from

the fiold, or in this strain mixed with another. Two strain assoclations were used: PR 1
schistosomos in M line Blomphalaria glabrata; and Nmri schistosomes in Nmrl B, glabrata.
Both of tho schistosomo strains and the M line snails wore from Puerio Rico. PR 1 was
collected in M line snails in the vicinity of Arccobo in 1960 and has beon laboratory-main-
tained in tho progeny of these snalls sinco that time. The Nmri 8, mansoni strain eamo from
eggs in the stool of a Puerlo Rican boy in aschool in Washington, D, C. early in the 1940's.
The Ninrl B, glabrata snails are of mixed origin: to the suscoptible pigmented snajls brought
originally from an unidentified location in Puerto Rico in the mid-1940', was added a sus.
ceptible albino strain from NIH, The latter resulted from a cross of the susceptible pig
mented PR 1 snail with a resistant albino snail from Brasil,



Bnail exposure and maintonanco conditions wore tho suma for both strain associntions,
Snails wore individually oxposed to 8-10 miracidin oach and kept at 27 £ 1C. Afler cors

curful omorgonce bogan thoy wero housod i the dark, They woro testod individually for

corcarinl omergonce from the A8Lh day postoxposura hy putting thom in o }-rlahtly-li(;hwd

warm box at 33 to 34C from 7:30 to 10:30 A.M, Corcurine woro collectcd onca or twico

a wook undor tho snme conditons, The total corearinl colloction was caleulutud from counts

of four 0,26 ml aliquots and tho avornge numbor of corcariae por snail was rocorded,

8

RESUL

Dala are graphod in Piguro 2, Dally corcarial outpul by Nmri schistosomes in Mmri
snails was about 3 timos as high as that by PRR1 schistosomos in M 1ino snnils throughout thoe

10 month compurison, excopt during May and the first 2 wooks of June, During this poriod,
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the Nmrl, but it was not sustained,
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DISCUSSION

No explanation Is at hand cithor for tho difforonce in productivily of corcarine by tho two
nssocintions or for the temporary Inere e in cercarlal output by the IV 1.M line wssoclation
in tha Spring, The faect that thoro was such an Increnso suggosts that productivity might
have boon modified by cnvironmental changes, but none has been recognized to have oce
curred, It sooms more probable that the lovel of productivity is inherent in the association,
Duin should bo recorded for other sirain associntions of S, manson! and snalls,

CONCLUSIONS

Corcurial productivity by varlous strain associations of schistosomes and snall hosts
may vary, A bascline lovel of productivity should bo ostablished for tho various parasite
straing in thelr maintenanco snall hosts,

8. Immunelegleal Differences In Intraspacifi, Sirains of Selhslosoing manconl

(with Drs. David Dean and Allen Cheever). Attempts are in progress in several laboratorics,
including our own, to develop an effactive vaccine to profect man against infection with
this parvasite, 1t s ossentinl to know whether intraspecific geographical straing will cross
protect, Capacily for cross protection has beon tesved in severn) trinls, If struins are cross
protective, a monovalont vaccine will serve, If thoy are not cross protective, u polyvalent
vaceine will be required, The capacity for cross protection hns been tested preliminarily
in soveral trials,

METIHODS

In onc sorles of oxperimonts, 1356 NMRI mice (NITI/NMRI (CV)) were vaceinated with
about GO0 cercarine which had beon attenuated by frradiation with 50 kiU of 00cobult,
The cereariae wero applied percutancously to the mouse tails, 8ix to 8 weeks later the mice
were challenged percutancously with non-rradiated cercarine. Bight weeks later the worms
waore porfused from the mico and counted, All worms were from the ¢hallenge exposure,
sinco the attenuated immunizing corcarine do not live to malurity, Schistosome sirains
used nire shown in Tables 3 and 4, 'I'he numbers were compared with those from elean mice
exposed concurrently with the challenge exposure of the vaceinated mice, and the pereent.
apte recluction was ealeulnted, (Tuble 3),




In anothor serles of oxporimonts, protection afforded mico hy # chronfe Infostion was
studiod, A similar numbor of COTBI/Ksd mico which hued chronie Infuctions of 8, mannoni
wore challonged with 180 corenrine 10 weoks aftor tho initial exposure, 'I'hoy woro perfused
4 wooks after challonge, Worms of inftinl and ehllonge infeetions were fdontifind hy aize,
Worm burdens of experimental and control mice were compared as abovo, Straing uscd uro
shown in Tabloe 4,

. RESULTS

Tho tabulntions (‘M'ablos 3 and 4) prosent the findings, As indicated by blunks in 'Tablo 8,
oxpoviments ure still in progruss, Diugonuls show homologous strain protection,

- ! t LI A

Table 111, Protection of N{I/NART (CV) Hice Vaeeinated with
Trradinted Corcurine of Five hifferent Intraspeeifle Siraine of Aghistos

pomp mansnl a8 Expressed by Percentuge Peduction of Challengy horm burdens,

IMUNIZING CHALLENGE BTHAING
BTRAING L] kR 11 T3 EOYYTIAN Ner |

" N o
M1
T
teyptfan
Narl

Table IV, Protection of C57M/KaJd Mise by Chronle Infeetions with Difforent

Intraspecific Sirains of Jchiisspsemy pansand ss Lxpressed by Percentage
Reduction of Challenge Korm Purdens,

IRMUNIZIRG CHALLUENGE BIRAINS
ETRAINS PRYAICD PRTH 3h PRCI3h

FATAICS \ ” "

— %
PAT) Sh 7 ‘tl\L
PACH 3 s P




Gronter protoction waw affordod the CO67 black mice by chronle infections than tho
NMRI mlee by vacelnation, with tho steaing used, With ¢hronle Infeetions, homologous
stenin protection waw o Hite greater than hotorologous, With vaeeination, hoterologous
, Sabrndn protectlon was about the same a8 homologous, with the possible exceplions of the
Fgyption and 'R 1 strains,

This work I8 incomplete, Discussion und Conclusions seem unwarrantod ub (his tmo, -
Indications nro, howaver, thut cross protection can hoe expected with soine of the combina-
tions,

4, Fine Sfrueiral Aspects_of the Develonmunt ol Arvtificlally:dorlved_Sehigtosomules

ol Sehislosomarngnanl, (with Dy, Carolyn Cousin),

Our carlior work showoed that transformation of ponotraling corearine (In vivo) Into
schistosomules wos completo within 1 hour insofur ux the features studled were concorned,
In contrast, sehistosumules producod by other means (In vitro) transformed more slowly
(Cousin, Btirowall and Dorsey, in press, Experimental Parasitology). 14 Is our plan to set
up a comparativo thne tuble desceribing transformation of the variously-derived schistoso-
muloes,

METHODS

Schistosomulos wore propared by tho upproprinie artificial mothed and eultured in
BLAC (lactalbumin hydrolysato in Larle’s salts) at 87 C In COg/nt for up to b duyw Al
1, 6, 24, 48, 06 und 120 hr,, organisms wero fixed, stnined, sectioned and studiod with EM
ns doseribod In Annual Raport No. 4 (I'Y 79). Thoelr dovelopment was compared with that
of in vive postponetralion larvae, ‘

Mothods for schistosomulo prepurntion were as follows, In vivo == corearlae which hnd
ponatrated mouso enr skin in sibu wore recovored from the oxelsed shin after Jts macarntion,

Rat #kin = abdominal skin of young fomalo rats wus oxclsed, tho dermis removed, nnd
the skin dried overnight in vacuo at room tomperature, In a suitalio systom, cerearine wore
applicd to the skin surfuce, nllowod to penotrute and colloctod tn 1NLAC as schistosomulos
(Stirewalt and Frogeau 1900),

Shoar ~— corearlue wore passaged 14 to 16 timos through a No, 22 gauge Injection needle
fitted on a 30 ml syringe, and cultured In ELAC at 37 C for two hr, (Colley and Wikel
1074),



Centrifugntlon == corenrine wore cooled, contrlfuged, tomparatireananipulited, Yor
toxod and enltured In KLAC nt 87 C for 40 min, (Cazzinalli ol ud 10743,

Omnimix == ¢erearlae were sthred In an Omnblx mixer modifiod by substituiion of o
Diuntod plastic Hlude for the wmobul oo, MIxing wan 103 7 s, ab e medium elbing, Organ.
Isms were Incubated In BLAC ab 37 € for 2 hr, (Dorsey and Cousin in proes, Journui of Parps
sitology),

Rat serum = corcarlae wore centrlfuped and ineubated for 3 hr In 80% rat serum In
ELAC ul 87 © (Eveland nnd Morse 1076),

Iach of these exporiments way done with at lenst 8 diffarent pools of cercnrine, using
20 Lo 6O cercarlne ench time, Organisms of ench derlvation were testod for stuge of (rans-
formation by the paramoters Ysted In ‘Table 6, The fine structural desceriptions whieh inve
been completed are outlined In Tuble 6,

’

RESULTH

Functional testing of the stule of transformation of sehistosomules derfved artificlally
and compurlson of them with in vive poustpenetration sehistosemules and cercirlas me
tahulatod (Table V), Data in the far eight colwmn and tho battom Jine huve haen added (o
the table since Annuo) Report No, 4, It will be noted that cerearino whieh penetrated skin
In slty on « living host or In vitro us exclsed dreled ral slidn developed at essentindly the saine
rate, Assessinont of schistosomulur status by the parnmetors lsted in Table V confiems
entllor Indications that cercurine sthmulated artificially to trmnsform witheut skin penes
tration did so, but the changes occurrod move slowly, Schistoromules of all derivations
were able to mature pflor injection into mice,

Takle ¥, Cerparative Charasteristion of Behirtosenules ef the Various Derfvaticns
08 Tosted by the Parameters Listed,

Faramater Cere in vive Rat Bhin Ehear  Centrif,  Ownimin  Mat Serus

Viler l '

intoleranes N £1D min £ hr 12 hr {3 hr D12 hr 4) hr

and

linhaustion lio &1 hr Ihr 72 hr i hr 72 hr ) hr

Gl

Capablility 1008 Y hr 18 7" 111} MY 00 104
M . " LH ] [} m 1)

Infeativity 28% Tt he ® 0 ! " 11} 13 (1)

after

Injestion Hhe 300 134 " 100 1



Tubulution of thae sehedule of development in in vivo sehislosomules (In skin after poioe
tration) s complote In Tabla VI, exeopl for two ndditionnl aspocts: togumental heptalas
mination and change of ¢oll nuclel from corvearinl hotorochromary to the ouchromany eharie
cloristie of sehistosomules, Both ocourred In in vivo sehifstogomules within 1hr, ,

Btudy of the fine structural changes In artificlallysderived mhlsmnomuhm whloh wuro
cultured in vitro through 0 days, was delayed by the finding that our eultire medium was
inadequaie Lo support the organlsms, Transforming cultured orgunisme bogan {0 show vesls
eulation within 0 he, and wost died within the b day eulture perlod, A now wid satisfactory
culture system, that of Dre Paul Laseh, has boon wdopiod, Hections of sherr prossure and
contrifuged cmperatnre gebistosamles eyltured throngh 8 days ure in process of stady,
Bhonr prossuce sehlstonamulen follownd the transformntional sehodule of in vivo sehisto.
somulos more closely thun those of othur artiflelal dorlvutions except rat skin organisms,
They paeed In vivo {rnnsformation as neeassed by heplalimination of the surface iInembrang
(1 hr), tognmontal infolding (48 hr.), and togumentolly dirocted oxtraslon of cyton granulos
(1 hir). Chunge fromn heterochromitie to euchromatie nuelel, howover, was delayed in the
artificlally dotived organisma, ‘Thie did not occur vuntil 48 hr. In shoar pressure schistos
somulos as compured with 1 he, In in vivo,

IFrom the wealth of morphologieal deseription of trnasformuetion of corcarine to schisto-
somutlos In vive ('Table V1), sovernl purameters have hoen seleeted s eritienl ndientors of
transformution, These will be emphauized in the continued compurizen of later development
of artificin)ly-dervived eehistosomules: surfaco mombranoe heptalamination; tegumental ine
folding: modifiention of the glycocalyx ns Indicated by loss of CHIL capnelty (the Ag/AD
ronction which resulte In the soroenvelopo around cerenrlac); and the nuclear change from
hetore- to euchromasy,
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In the course of the year, two new procedures have been developed which have contri-
buted materially to this work. One is a simplified way to induce cercariae to transform to
schistosomules. Cercariae were centrifuged x 1000g at room temperaiure for 7 min., the
supernate discarded and the organisms incubated in ELAC at 87 C for 8 hr, They remained
tailed, bul {he bodies satisficd the requirements {or schistosomules.

The other new procedure is an additional way to distinguish schistoscmules from cers
cariae, i.c., by freezing. IL has not been possible to freeze cercariae, storé them in liquid
nifrogen (-196 C), thaw them and recover any in a viable stale. By contrast, about 90%
or more of schistosomules so processed ave viable; up to 70% are essentially normal in ap-

pearance and movement,

DISCUSSION

it s i

1 Apparenily, cercariae {ransformed to schistosomules under a variety of conditions,
for all the methods tested produced iransformed organisms. Transformation progressed,
however, at different rates with the various methods. In terms of the 3 parameters used
in Table VII, the cercariae changed fastesi after peneiration of skin, whether in situ on a

living host or in vitro through dried rat epidermis.

Table VII. Ranking of Variously-derived Schistosoma mansoni Schislosomules According

to the Speed with which Three Specific Changes Occwrred.
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That schistosomules were eventually produced by ali methods studied, is important,
When this assesstuent is complete, methods of cercarial conversion can be chosen rationally
in terms of the type of organism necded. Two more types of schistosomules remain to be
examined: those produced (1) over skin surface lipid and (2) after centrifugation only.

The. obvious next phase is a sorling out of the steps in cach method, to identify the
transformation rigger and lo duscribe the yesponses of the crganisms and the biologicul
mechanisms of change. Clarificaiion of these may open new avenues of control of the

disease by preveniing transformation of cercariae to schistosomules.
CONCLUSIONS
Schistosomules may be produced from cercariae by many differenl metlods. Rates of

transformation vary with the method. The key to the transformation trigger (s) and the

organisims’ mechanisms of response should be identified.
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SIGNIFICANT ACCOMPLISHMENTS

1. The most efficient exposure level for snails, using Nmvxi strains of Schistosoma mansoni
and Biomphalaria glebrata, was established for cur conditions. It was 5 miracidia pe. snail.
Cercarial outputl was not increased by raising the exposure level.
2. Intraspecific sirains of S. mansoni were found {o vary in cercarial productivity. PR 1
S. mansoni in M line B. glabraete provided only aboul 1/ as many cercariac/snail/day as
Nenri parasites in Nmri snails under the same conditions.
3. Cross protection by intraspecific strains of S. mansoni was demonsiraled in mice. Among
the sirains used for immunization and challenge, there was some variability in the level of
protection. Greater profection was afforded mice by a chronic infection than by vaccination
with irradiated cercariac.
4. Cercaria-schistosomnule transformational morphological changes have been described in
detail under natural conditons. These changes occwrred in the parasite surface, tegument,
tegumental secrefory cells, body cell nuclei and digestive tract.
5. A new simpler method of producing schistosomules has ber:. developed. It consisis
merely of centrifuging cercariae and incubating them for 3 hr. at 37 C in a culiure medium.

(3

6. An additional criterion for distinguishing schistosomules from cercariae has been shov
to be the capacity of schistosomules to recover after storage in liquid nitrogen (-196 ).

Cercariae handled similarly die.
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PLANS FOR THE FUTURE

1 Continue EM study of the morphological changes oc arring in vitio from 24 to 120 hr.,

as cercariae {ransform {o schistosonatles after artificial stimulation.

2. Describe chemically and biologically the anticercanid effoct of rotifer-conditioned water,

3. Contimue study of the most efficicnt {echniques for high-level preduction of Schistosoma

mansoni coercariac.

4. Test an in vitro model cystem for stuaying mcchanisme of coicarial penetyation: Nitex

screens or other suitable artificial sui rates.

5. Anraly. the {ransformation trigger and the paracite reaction involved in the cerceria-

schistosomule conversion.
6. Expand ihe cross protection studics using cercarize of other strains than PR1 for the . 5

immunizing strain.
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